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INVESTIGATION OF A MANUAL SEYJANT-SEGHTING TASK I N  THE 

M S  MIDCOURSE NAVIGATION AND GUIDANCE SIMULATOR 

By Bedford A. -kin and Robert J. Randle 
Ames Research Center  

SUMMARY 

The Ames Midcourse Navigation and Guidance Simulator has been used f o r  
def in ing  problem areas as soc ia t ed  wi th  sex tan t  s i g h t i n g s  i n  a space naviga t ion  
scheme, and f o r  determining t h e  r e l a t i v e  accuracy of s ex tan t  s i g h t i n g s  taken 
wi th  a hand-held sex tan t  and with a gimbaled sex tan t .  
would be used f o r  determining t h e  t r a j e c t o r y  of a t r a n s l u n a r  o r  an  i n t e r -  
p l a n e t a r y  veh ic l e .  

S ight ings  of t h i s  type 

The da ta  i n d i c a t e  t h a t ,  while t h e  sex tan ts  used i n  t h i s  i n v e s t i g a t i o n  
r equ i r e  r e f i n i n g ,  t hey  could probably be  incorporated i n t o  a space naviga t ion  
system. While t h e  gimbaled sex tan t  w a s  s l i g h t l y  favored over t h e  hand-held 
sex tan t ,  t h e  hand-held sex tan t  provided nominally as accura t e  s i g h t i n g  data 
as d i d  t h e  gimbaled sex tan t .  

Within t h e  l i m i t a t i o n s  of t h i s  study the re  w a s  l i t t l e  e f f e c t  of vehic le  
r o t a t i o n a l  motion about a s i n g l e  a x i s  on s ight ing  r e p e a t a b i l i t y .  

INTRODUCTION 

The sex tan t  i s  t h e  c l a s s i c  symbol of the a r t  of naviga t ion .  This i n s t r u -  
ment was o r i g i n a l l y  developed t o  meet t h e  demands of n a u t i c a l  naviga t ion  and 
i n  later yea r s  was modified f o r  a e r i a l  navigation. 
aerial naviga t ion ,  t h e  sex tan t  has proven t o  be  r e l i a b l e  f o r  accu ra t e ly  meas- 
u r ing  t h e  angle  between two l i n e s  of s i g h t  (one l i n e  of s i g h t  i s  t y p i c a l l y  t o  
t h e  horizon while  t h e  second l i n e  of s i g h t  i s  t o  some s e l e c t e d  c e l e s t i a l  
o b j e c t s ) .  The maximum p r e c i s i o n  t y p i c a l l y  required f o r  an  instrument used i n  
t h e s e  techniques i s  l m i n u t e  of a r c .  

For bo th  n a u t i c a l  and 

With t h e  advent of manned space f l i g h t ,  a t t e n t i o n  has  been focused on t h e  
instrument r equ i r ed  f o r  space navigation. For manned space f l i g h t ,  r e l i a b i l -  
i t y  i s  of prime importance and accuracy requirements of t h e  instrument i n  t h i s  
capac i ty  a r e  s t r i n g e n t ,  p o s s i b l y  having t o  meet a s tandard  dev ia t ion  of 10 
seconds of a r c  ( ref .  1). 
Research Center and on t h e  r e s u l t s  of reference 2 ,  it appeared tha t  3 st?-?4y 
w a s  warranted t o  examine t h e  use of a hand-held sex tan t  i n  t h e  manned space- 
c r a f t  naviga t ion  problem. 

Based on prel iminary ana lyses  conducted a t  t h e  Ames 

An eva lua t ion  of the instrument e f f ec t iveness  i n  an  operator- instrument  
combination i s  t y p i c a l l y  conducted s t a t i s t i c a l l y .  
instrument combination may have been optimized so as t o  reduce l a r g e  

Though t h e  operator- 



cons is ten t  e r r o r s ,  some e r r o r s  s t i l l  occur randomly i n  t h e  measurement proc- 
ess .  
i s t i c s  of t h e s e  random e r r o r s  and determine t h e  r e p e a t a b i l i t y  of t h e  measured 
values .  
values or an  absolu te  measured value.  
about t h e  absolu te  measured value i s  requi red  f o r  a d e f i n i t i v e  eva lua t ion  of 
t h e  instrument, s i g n i f i c a n t  economy i n  t i m e  and e f f o r t  can be r e a l i z e d  i f  t h e  
mean measured value i s  used i n  a pre l iminary  eva lua t ion  of t h e  operator-  
instrument combination or  i n  comparing near- similar operator- instrument  combi- 
nat ions.  I n  t h i s  s tudy t h e  r e p e a t a b i l i t y  of measurements about t h e  mean 
measured value has been used t o  determine t h e  e f f e c t  of s eve ra l  environmental 
condi t ions on operator- instrument  e f f ec t iveness  as w e l l  as t o  compare t h e  per -  
formance of opera tors  w i th  two d i f f e r e n t  instruments .  

I n  t h e  process  of eva lua t ion  it i s  necessary t o  determine t h e  charac te r -  

Measurement r e p e a t a b i l i t y  may be def ined about t h e  mean measured 
While t h e  instrument r e p e a t a b i l i t y  

The purpose of t h i s  i nves t iga t ion  w a s  t o  explore  t h e  e f f e c t s  of some 
environmental condi t ions  on manual sex tan t  performance f o r  a t y p i c a l  space 
navigat ion t a s k .  Results comparing t h e  s igh t ing  performance of a hand-held 
and a gimbaled sex tan t  f o r  o s c i l l a t o r y  spacecraf t  motions have been obtained.  
Further  condi t ions  t h a t  have been examined are t h e  e f f e c t s  of p r e s s u r e - s u i t  
helmet v i s o r ,  and t h e  comparison of performance when s igh t ing  real stars as 
opposed t o  simulated stars. 

Seven sub jec t s  p a r t i c i p a t e d  i n  t h i s  i nves t iga t ion .  Three were A i r  Force 
navigators '  temporar i ly  ass igned t o  Ames Research Center.  

TEST EQUIPMENT 

The Ames Midcourse Guidance and Navigation Simulator 

The b a s i c  components of t h e  Ames Midcourse Guidance and Navigation Simu- 
l a t o r  ( f i g s .  1 and 2 )  are a v i s u a l  scene t h a t  s imula tes  a moon-star f i e l d  and, 
40 f e e t  i n  f r o n t  of t h e  scene, a cab t h a t  simulates a space veh ic l e  capable of 
carrying t h r e e  occupants. A s  i nd ica t ed  i n  f i g u r e  1, t h e  cab communicates wi th  
an  analog computer and wi th  an IBM 7094 d i g i t a l  computer through t h e  appro- 
p r i a t e  ana log - to -d ig i t a l  o r  d ig i t a l - to -ana log  conver te rs .  

The v i s u a l  scene c o n s i s t s  of those  stars down t o  f i f t h  magnitude con- 
t a ined  i n  a 25' a r c  of t h e  sky. Also included i s  a moon model i l lumina ted  t o  
simulate a qua r t e r  moon phase. O f  t h e  66 stars simulated i n  t h e  scene, 6 are 
coll2mated. One of t h e  col l imated star i n s t a l l a t i o n s  i s  shown i n  f i g u r e  3. 
The coll imated star c o n s i s t s  of a 6-inch pa rabo l i c  mir ror  mounted a t  t h e  end 
of a f i b e r - g l a s s  tube wi th  a l i g h t  source loca ted  a t  t h e  m i r r o r ' s  f o c a l  p o i n t .  
The l i g h t  source i s  a grain-of-wheat lamp enclosed wi th in  a metal  capsule  wi th  
a 0.0005-inch hole po in t ing  a t  t h e  mir ror .  The uncol l imated stars c o n s i s t  of 
t h e  same type of grain-of-wheat lamp, emi t t i ng  l i g h t  through a 0.005-inch hole  
poin t ing  at t h e  cab. I n  a l l  cases  t h e  b r igh tness  of t h e  star i s  r egu la t ed  by  

Training Wing, Mather A i r  Force Base, Sacramento, Ca l i fo rn ia ,  and were: 
Captain Frederick Vosper, Captain B i l l y  Hall, and F i r s t  Lieutenant  Bradford 
T i l f  ord. 
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t h e  vol tage  appl ied  t o  t h e  lamp (0-2.5 v o l t s ) .  
inch  commercially ava i l ab le  hemispherical  moon model. 

The moon i s  simulated by a 12- 

The cab c o n s i s t s  of a three-man crew compartment mounted on a n  a i r  bear-  
ing .  The i n t e r i o r  volume and shape of t h e  cab approximate t h e  command module 
of a lunar  veh ic l e .  
bear ing .  The sphe r i ca l  a i r  bear ing  al lows the cab t o  r o t a t e  about a l l  t h r e e  
axes wi th  low r e s t r a i n i n g  torques  and serves  as a gimbal c o n s t r a i n t  upon t h e  
r o t a t i o n a l  cen te r .  
bear ing  sur faces  = 52-l/2 i n . )  p laced  t h e  center  of r o t a t i o n  i n  t h e  approxi- 
mate cen te r  of t h e  cab.  Lead weights a r e  provided such t h a t  t h e  cen te r  of 
g r a v i t y  may be var ied  from a p o s i t i o n  below the cen te r  of r o t a t i o n  t o  a pos i -  
t i o n  co inc ident  wi th  t h e  cen te r  of r o t a t i o n .  During t h i s  i nves t iga t ion  t h e  
cen te r  of g r a v i t y  was w e l l  below t h e  cen te r  of r o t a t i o n ,  making t h e  cab behave 
much l i k e  a pendulum. The s i z e  of t h e  bear ing l imi t ed  t h e  cab r o t a t i o n  t o  

Instrumentat ion wiring r e s t r i c t e d  t h e  yawing t o  +goo 
and a l s o  provided small r e s t o r i n g  torques  about t h e  yawing axis .  The i n s t r u -  
mentation i n  t h e  cab provides  t y p i c a l  f l i g h t  information, and a th ree -ax i s  
hand c o n t r o l l e r  i s  used t o  c o n t r o l  t h e  movement of t h e  cab. Figure 5 i s  a 
photograph of t h e  i n t e r i o r  of t h e  cab; t he re  are no windows. 

Figure 4 i s  a photograph of t h e  cab mounted on t h e  a i r  

The geometry of t h e  bearing ( r a d i u s  of curva ture  of t h e  

of p i t c h  and roll. 0 515 

Cab motions are regula ted  by co ld  gas  r eac t ion  j e t s  loca ted  so  as t o  
opera te  about t h e  t h r e e  cab axes .  The cab r o t a t i o n a l  a c c e l e r a t i o n  i s  var ied  
by two d i f f e r e n t  s i zed  nozzles loca t ed  a t  each s t a t i o n  as w e l l  as by a pres-  
sure r egu la to r  wi th in  t h e  cab. The pressur ized  a i r  requi red  f o r  operat ing t h e  
j e t s  i s  contained i n  fou r  tanks  on board t h e  cab.  These four  tanks  as w e l l  
as t h e  nozzle s t a t i o n s  a c t i n g  about t h e  yaw and r o l l  axes  can be seen i n  f i g -  
u r e  4. 
manually from wi th in  the  cab. 

The j e t s  can be operated remotely by analog computer c i r c u i t r y  o r  

Sextants  

The convent ional  marine sex tan t  i s  a device f o r  measuring t h e  angle  
between a c e l e s t i a l  body and t h e  sea horizon. 
bubble sex tan t  wi th  i t s  a r t i f i c i a l  horizon, t h e  a c t u a l  sea horizon and t h e  
body of i n t e r e s t  are seen i n  t h e  t e l e scop ic  view of t h e  marine sex tan t .  This 
feature adapts  it n a t u r a l l y  t o  t h e  space navigat ion s igh t ing  t a s k  of de te r -  
mining t h e  angle  between l i n e s  of s i g h t  t o  two c e l e s t i a l  ob jec t s .  

Unlike t h e  air nav iga to r ' s  

Two d i f f e r e n t  types of s ex tan t s  were used i n  t h i s  i nves t iga t ion .  One 
type  w a s  t h e  N a v y  Mark I1 Mod 0, hand-held sextant  shown i n  f i g u r e  6. 
s ex tan t  weighs approximately 2.7 pounds. 
0 .1  minute of a r c .  
i s  a r e t i c l e  w i th in  t h e  ie iescupe  f o r  zentzring t h e  f i e l d  of v i e w  And f o r  
c o n s i s t e n t l y  focusing t h e  simulated stars. 

This 
The ve rn ie r  readout least  count i s  

The three-power te lescope has  a loo f i e l d  of view. There 

A second sex tan t  of t h i s  type w a s  adapted t o  a support  mechanism which 
allowed r o t a t i o n  about t h e  s e x t a n t ' s  t h r e e  major axes ( f i g .  7 ) .  
and yaw axes of t h e  gimbals were approximately 2 inches  from t h e  eye and t h e  
roll axis passed through t h e  cen te r  of t h e  te lescope .  

The p i t c h  

There were two handles 
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at tached t o  t h e  sex tan t  t o  f a c i l i t a t e  r o t a t i o n a l  con t ro l .  The gimbals were 
a l s o  designed s o  t h a t  t h e  te lescope  could be exchanged conveniently between 
t h e  gimbaled and hand-held sex tan t .  

The Navy sex tan t s  were a v a i l a b l e  e a r l y  i n  t h i s  study, b u t  later a more 
e f f e c t i v e  instrument became a v a i l a b l e .  This  second type of instrument., a 
Plath-Micrometer sex tan t  ( f i g .  8 ) ,  i s  hand-held and has t h r e e  interchangeable  
te lescopes  wi th  magnifying powers of 2.3, 4.0, and 6 .0 .  
a t tached  t o  t h e  sex tan t  t h e  t o t a l  weight w a s  3.4, 3.6, and 3.7 pounds, respec- 
t i v e l y .  The least count readout of t h i s  s e x t a n t ' s  ve rn ie r  scale i s  0.2 minute 
of arc;  however, i n t e rpo la t ions  t o  0.1 minute of a r c  are convenient.  The 
te lescopes  f o r  t h i s  instrument do not  have r e t i c l e s  

With t h e  te lescope  

Pres sure  - Sui t  Helmet 

During a po r t ion  of t h e  inves t iga t ion ,  t h e  sub jec t s  wore t h e  helmet of 
t h e  Navy Mark I V ,  Mod I f u l l  p ressure  su i t .  This  helmet i s  equipped wi th  a 
c l e a r  p l a s t i c  v i s o r  t h a t  r o t a t e s ,  covers t h e  f a c i a l  opening, and locks  i n  
p l a c e  t o  a l low t h e  s u i t  t o  r e t a i n  i t s  p res su re .  
t o  a p o s i t i o n  c l e a r  of t h e  f a c i a l  opening. Figure 9 shows a sub jec t  wearing 
t h e  helmet with v i so r  over t h e  f a c i a l  opening while s igh t ing  t h e  P l a t h  sex tan t .  

The v i so r  may a l s o  be r o t a t e d  

TEST PROCEDURES 

Task Descr ipt ion 

The t a s k  i n  t h i s  study w a s  t o  view a simulated o r  real  star d i r e c t l y  
through t h e  sex tan t  primary (horizon)  l i n e  of s i g h t  and superimpose upon t h i s  
image a second star seen through t h e  secondary l i n e  of s i g h t  provided by  a 
system of mirors  proper ly  indexed. 
t a r g e t s  wi th  which optimum human performance could be  most convenient ly  
assured.  The s tars  were col l imated o r  focused as i f  i n f i n i t e l y  far away so 
t h a t  the star l i n e  of s i g h t  would not move when t h e  cab w a s  r o t a t e d .  

S t a r s  were thought t o  be probably t h e  b e s t  

Performance Criteria 

Sighting performance w a s  eva lua ted  by  two d i f f e r e n t  methods, t h e  most 
e f f e c t i v e  being t h e  s tandard dev ia t ion  of t h e  measurements about t h e  mean 
value of t h e  measured angle .  A second method u t i l i z e d  t h e  subjec t ive  opinion 
r a t i n g  sca l e  shown i n  f i g u r e  10. 

No a t tempt  w a s  made t o  def ine t h e  abso lu te  angle  between t h e  l i n e s  of 
s i g h t  of  t h e  two simulated stars because of t h e  u n c e r t a i n t y  i n  t h i s  measure- 
ment, and because t h e  star l i n e s  of s i g h t  vary wi th  t i m e ,  up t o  approximately 
2 arc seconds p e r  hour. It w a s  considered t h a t  a n  adequate t e s t  of r e l a t i v e  
performance w a s  t h e  measurement r e p e a t a b i l i t y  about t h e  mean measured va lues .  
Index cor rec t ions  were not app l i ed  t o  t h e  d a t a .  

4 



The opinion r a t i n g  sca l e  of f i g u r e  10 w a s  adapted from t h e  Cooper r a t i n g  
s c a l e  f o r  p i l o t  opinion on a i r c r a f t  handling q u a l i t i e s ;  however, only t h e  
number s c a l e  and t h e  corresponding desc r ip t ive  phrases  s l i g h t l y  modified were 
used (columns 2 and 4) 

Study 
cyc le  

1 

Test Subjects 

Subject 
W l i t a r y  Ame s 

A B 

The s u b j e c t s  p a r t i c i p a t i n g  i n  t h i s  i nves t iga t ion  were taken from two 
popula t ions .  
ass igned f o r  two-week pe r iods  t o  Ames Research Center. 
employees working i n  r e l a t e d  inves t iga t ions  at Ames Research Center. 
Force naviga tor  p a r t i c i p a t e d  i n  t h e  inves t iga t ion  twice f o r  two-week per iods  
while only one p r o f e s s i o n a l  employee p a r t i c i p a t e d  upon two occasions f o r  two- 
week p e r i o d s .  Each two-week per iod  i s  termed a study cyc le .  The schedule of 
t h e  sub jec t s '  p a r t i c i p a t i o n  i s  shown i n  t h e  t a b l e  below. 

Three were c u r r e n t l y  r a t e d  A i r  Force naviga t ion  i n s t r u c t o r s ,  
Five were p ro fes s iona l  

Each A i r  

The sub jec t s  were not requi red  t o  have any p a r t i c u l a r  experience or phys ica l  
a b i l i t y  t o  p a r t i c i p a t e .  

Training and Motivation 

A l l  s u b j e c t s  were given t r a i n i n g  p r i o r  t o  p a r t i c i p a t i n g  i n  t h e  t e s t i n g  
Though t h e  naviga tors  had ex tens ive  experience i n  t h e  use of bubble phase. 

s e x t a n t s ,  t hey  had not p rev ious ly  used t h e  marine s e x t a n t .  I n  most cases  t h e  
f i r s t  six days of each two-week t e s t i n g  period were devoted t o  t r a i n i n g .  
Training se s s ions  were conducted i n  t h e  morning and af te rnoon.  One and one- 
ha l f  hours w a s  s u f f i c i e n t  time t o  a l l o t  t o  each t r a i n i n g  sess ion .  Twenty-four 
measurements d iv ided  equa l ly  among four  test  condi t ions  were obtained during 
each t r a i n i n g  se s s ion .  S ight ing  condi t ions  were ad jus t ed  s o  that  a t  t h e  end 
of t r a i n i n g  a nea r ly  equal  number of s igh t ings  had been taken under each 
t e s t  condi t ion .  

An e f f o r t  w a s  made t o  insure  a high degree of motivat ion i n  t h e  s u b j e c t s .  - iwu sub jec ts  p a r t i c i p a t e d  in each two-week session t o  provide an element of 
competit ion.  
t h e  study and importance of t h e i r  performance i n  t h e  i n t e r p r e t a t i o n  of t h e  
experiment 's  outcome. 
Each sub jec t  was  l i m i t e d  t o  12 s igh t ings  under any one of t h e  seve ra l  condi- 
t i o n s  t o  minimize boredom. 

The sub jec t s  were f u l l y  br ie fed  as t o  t h e  purpose and scope of 

Daily records  of t h e  s u b j e c t s '  performance were pos t ed .  

5 



T e s t  Conditions 

Maximum rates  of o s c i l l a t i o n ,  
Sextant 

deg/sec 

0 

1 /2  

1- 1/2 

112 

1- 1/2  

Hand- he I d  
1 

0 

Gimbaled 
1 

During t h i s  i n v e s t i g a t i o n  cons i s t en t  t e s t  condi t ions  were maintained 
except as noted i n  t h e  fol lowing d iscuss ion:  

Amplitude, 
deg 

Cycle Cycles 
1 2,394 

26 +2 

26 +-2 
56 22 

26 22 
+6 t 2  
26 +-2 

Study cycle  1.- The sub jec t ,  sea ted  i n  t h e  cab, made s igh t ings  wi th  t h e  
cab both f ixed  ( ze ro  yaw rate) and undergoing l i m i t  cyc le  o s c i l l a t i o n s  about 
t h e  yaw axis .  
s inusoida l  o s c i l l a t i o n  were +1/2'/sec, t l 0 / s e c ,  and +l-1/2°/sec.  
o s c i l l a t i o n s  about o ther  axes were damped to r e l a t i v e l y  small amplitudes.  
When the  cab w a s  i n  t h e  n e u t r a l  p o s i t i o n  f o r  t h e  yawing o s c i l l a t i o n  t h e  sub- 
j e c t  was fac ing  t h e  midposit ion r e l a t i v e  t o  t h e  t a r g e t  stars. 
p lane  of t h e  t a r g e t  stars w a s  near v e r t i c a l ,  wi th  t h e  stars approximately 
15O a p a r t .  

The amplitude of o s c i l l a t i o n  w a s  56'. The maximum rates of 
Spurious 

The measurement 

The condi t ions under which s igh t ings  were obtained are ind ica t ed  i n  t h e  
t a b l e  below. 

Of t h e  10 days i n  t h i s  s tudy cyc le ,  6 were devoted t o  t r a i n i n g  and 4 t o  
obtaining the da ta  f o r  ana lys i s . -  &ring t h e  last  4 days t h e  sub jec t s  obtained 
24 s ight ings  i n  t h e  morning and 24 s igh t ings  i n  t h e  af ternoon,  each group of 
12  successive s igh t ings  being taken under a p a r t i c u l a r  t e s t  condi t ion .  
groups of t es t  condi t ions  were presented  i n  random orde r .  

The 

Study cyc le  2.-  During t h i s  s tudy cyc le ,  t h e  t e s t  condi t ions  were 
increased t o  16 by t h e  a d d i t i o n  of star t a r g e t s  o r i en ted  ho r i zon ta l ly .  
angle  between t h e  ho r i zon ta l ly  o r i en ted  stars w a s  approximately 22' and 
between t h e  v e r t i c a l l y  o r i en ted  stars, approximately 10'. 

The 

The cab dynamics d i f f e r e d  from those  of s tudy cyc le  1 b y  a decrease i n  
o s c i l l a t i o n  amplitude from 6' t o  2'. Yawing rates remained t h e  same. 

Study cycle  3.- I n  t h i s  study cyc le  t h e  cab dynamics remained t h e  same 
as i n  study cyc le  2. The t a r g e t  star condi t ions  re turned  t o  those  of s tudy 
cyc le  1, wherein only one p a i r  of t a r g e t  stars w e r e  u t i l i z e d  and they  were 
or ien ted  v e r t i c a l l y .  
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Study cycle 4.- The tes t  condi t ions  of study cycle 4 were similar t o  
those  of study cyc le  3; however, a t  t h e  conclusion of each g r o q  of 12  s igh t -  
ings under s p e c i f i c  t e s t  condi t ions ,  each subject w a s  asked t o  r a t e  t h e  t a s k  
d i f f i c u l t y  on t h e  b a s i s  of t h e  r a t i n g  sca l e  shown i n  f i g u r e  10. 

Study cyc le s  5 and 6.- On t h r e e  d i f f e r e n t  n igh t s  during each study cyc le ,  
t h e  sub jec t s  measured t h e  angles  between real s t a r s  wi th  bo th  t h e  Navy hand- 
he ld  and gimbaled sex tan t s  shown i n  f i g u r e s  6 and 7, r e s p e c t i v e l y .  
chosen were t y p i c a l  navigation stars of f i rs t  t o  second magnitude and, while 
d i f f e r e n t  stars were used a t  d i f f e r e n t  t imes ,  t h e  included angle between stars 
w a s  seldom over 10'. 

The stars 

Also during study cyc le s  5 and 6 s igh t ings  were obtained i n  t h e  simulator 

Sight- 
w i th  t h e  sub jec t s  wearing t h e  helmet of a Navy Mark I V ,  Mod I f u l l - p r e s s u r e  
s u i t  and s i g h t i n g  wi th  t h e  Plath-Micrometer sex tan t  shown i n  f i g u r e  8. 
ings were conducted of simulated stars wi th  the sub jec t s  wearing t h e  helmet 
w i th  t h e  v i s o r  r o t a t e d  t o  a p o s i t i o n  above the  f a c i a l  opening and wi th  t h e  
v i s o r  covering t h e  f a c i a l  opening and locked i n  p l ace .  When t h e  v i s o r  w a s  i n  
t h e  down p o s i t i o n ,  oxygen w a s  b l e d  i n t o  t h e  helmet a t  a low p res su re  t o  p re -  
clude t h e  p o s s i b i l i t y  of anoxia as w e l l  as t o  keep t h e  view c l e a r  of condensed 
water vapor. A l l  t h r e e  t e l e scopes  wi th  magnifying powers of 2.5,  4.0, and 6.0 
were used. The cab w a s  f i x e d  with zero o s c i l l a t i o n  during a l l  s igh t ings .  

RESULTS AND DISCUSSION 

Training 

It had been determined p r i o r  t o  t h i s  study t h a t  about two weeks of prac-  
t i c e  s i g h t i n g  se s s ions  were requi red  f o r  a subject t o  have a cons i s t en t  l e v e l  
of performance. Though t h e  A i r  Force navigators had previous experience us ing  
t h e  bubble sex tan t s ,  t h e  elements of t h e  s igh t ing  t a s k  used i n  t h i s  i nves t iga -  
t i o n  were q u i t e  d i f f e r e n t  from those  of s igh t ing  wi th  a bubble sextant ;  conse- 
quent ly  they  t o o  requi red  approximately t h e  same amount of t r a i n i n g  as t h e  
o ther  s u b j e c t s .  The l e v e l  of performance reached by e i t h e r  t h e  A i r  Force 
naviga tors  o r  p r o f e s s i o n a l  employees was nominally t h e  same. 

Figure 11 shows t h e  average of t h e  standard dev ia t ions  of t h e  group of 
seven s u b j e c t s  obtained i n  t h e  f i r s t  four  study cyc le s  f o r  each day of t h e  
two-week p e r i o d .  
except f o r  t h e  small r eg res s ion  after the  weekend. It had been previous ly  
determined t h a t  t h i s  would occur a f t e r  t h e  weekend rest ,  so an a d d i t i o n a l  day 
of t r a i n i n g  w a s  provided t o  r e s t a b i l i z e  performance. 

Performance improved continuously during t h e  two-week pe r iod  

The extremes of subjec t  v a r i a b i l i t y  are ind ica t ed  i n  f i g u r e s  12 and 13. 
Figure 12  shows t h e  v a r i a t i o n  over a two-week pe r iod  of t h e  average of t h e  
s tandard  dev ia t ion  wi th  t h e  g r e a t e s t  v a r i a b i l i t y  f o r  a s i n g l e  ind iv idua l .  
The day-by-day performance v a r i a b i l i t y  decreased during t h e  second week; how- 
eve r ,  a t  t h e  end of two weeks t h e  standard devia t ion  of s igh t ings  f o r  t h i s  
sub jec t  w a s  g r e a t e r  t han  0.4 minute of a r c .  Figure 13 shows t h e  same type  of 
in format ion  except t h i s  i n d i v i d u a l ' s  da ta  showed t h e  l e a s t  v a r i a b i l i t y  over 
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t h e  two-week pe r iod .  A t  t h e  end of two weeks t h e  s u b j e c t ' s  s tandard devi- 
a t i o n  of s igh t ings  w a s  approximately 0.22 minute of a r c .  The gene ra l  t r end  
i n  e i t h e r  case w a s  f o r  continuous improvement during t h e  two weeks. The mean 
value of s tandard dev ia t ion  ( f i g .  11) w a s  approximately 0.32 minute of a r c .  

Figure 14 shows t h e  range of t h e  d a i l y  averages of s tandard dev ia t ion  f o r  
t h e  seven sub jec t s  during t h e  f irst  fou r  s tudy cyc les .  This  f i g u r e  demon- 
s t r a t e s  that wi th  experience i n  t h e  s igh t ing  t a s k  over a wide range of v a r i -  
ab l e s ,  t h e  sub jec t s  show decided improvement; p a r t i c u l a r l y ,  t h e  v a r i a b i l i t y  
i n  ind iv idua l  performance decreases  from a range of 0.36 t o  1.30 minutes of 
arc of s tandard dev ia t ion  on t h e  f i r s t  day, t o  a range of 0.22 t o  0.46 minute 
of a r c  of s tandard dev ia t ion  a t  t h e  end of t h e  second week. 

A l l  sub jec t s  were t e s t e d  with a commercially obtained "Ortho-Rater" f o r  
v i s u a l  a c u i t y ,  t h e  scores  of which converted t o  a Snel len equiva len t  ( r e f .  3) 
ranged from 20-18 (bet ter  than  average) t o  20-40 (poor a c u i t y )  f o r  bo th  near 
and f a r  v i s ion .  
and s ight ing  performance. 

There i s  no apparent  c o r r e l a t i o n  between v i s u a l  a c u i t y  scores  

Te s t  Resul t  s 

In f i g u r e  l5(a)  t h e  r e s u l t s  from t h e  f irst  s tudy cyc le  are given, showing 
t h e  va r i a t ion  of t h e  s tandard dev ia t ion  f o r  each sub jec t  wi th  inc rease  i n  yaw 
rate. I n  f i g u r e  l 5 ( b )  t he  ind iv idua l  sub jec t  da t a  are averaged t o  show a pe r -  
formance comparison f o r  t h e  gimbaled and hand-held sex tan t .  Even wi th  sub jec t  
A exh ib i t i ng  a smaller s igh t ing  devia t ion  than  B, t h e i r  v a r i a t i o n  i n  perform- 
ance with increas ing  yaw rate i s  very similar. A comparison between t h e  per -  
formance wi th  t h e  hand-held and gimbaled sex tan t  shows t h a t ,  whereas t h e  
standard dev ia t ion  wi th  t h e  hand-held sex tan t  i s  cons tan t  as yaw rate i s  
increased,  t h e  performance wi th  t h e  gimbaled sex tan t  degenerates ,  reaching a 
maximum s tandard dev ia t ion  a t  a yawing ra te  of 1°/sec. 
by t h e  experimental  condi t ions .  
gimbaled sex tan t  w a s  moved out  of t h e  range of t h e  co l l imated  beam emanating 
from the  simulated stars a t  t h e  limits of o s c i l l a t i o n .  During these  pe r iods  
t h e  simulated stars were not  observed f o r  t h e  e n t i r e  o s c i l l a t i o n ,  t h u s  mark- 
ed ly  increas ing  t h e  d i f f i c u l t y  of t h e  t a s k .  
subjec ts  were free t o  move t h e  sex tan t  p o s i t i o n  so as t o  keep t h e  star t a r g e t s  
i n  s igh t  during t h e  e n t i r e  o s c i l l a t i o n .  

This may be  explained 
With an o s c i l l a t i o n  amplitude of 2 6 O ,  t h e  

With t h e  hand-held sex tan t  t h e  

Figure 16 g ives  t h e  da t a  from study cyc le  2 .  F igures  16(a) and 16 (b )  
show t h e  v a r i a t i o n ,  wi th  increas ing  yaw rate, of t h e  s tandard dev ia t ion  of 
s igh t ing  r e p e a t a b i l i t y  f o r  two ind iv idua l s  wi th  bo th  a hand-held and a gim- 
ba led  sextant  f o r  star t a r g e t s  o r i en ted  v e r t i c a l l y  and ho r i zon ta l ly ,  respec-  
t i v e l y .  I n  f i g u r e  1 6 ( ~ )  values  of s tandard dev ia t ion  have been averaged t o  
demonstrate t he  e f f e c t s  of s igh t ing  t a r g e t s  o r i e n t e d  i n  a h o r i z o n t a l  p lane  and 
i n  a v e r t i c a l  plane.  There i s  an apparent  advantage t o  using t a r g e t s  o r i en ted  
i n  a v e r t i c a l  p lane .  
t o  show t h e  v a r i a t i o n  wi th  inc reas ing  yaw rate  of t h e  s tandard dev ia t ion  of 
s igh t ing  r e p e a t a b i l i t y  f o r  sub jec t s  C and D, us ing  t h e  hand-held and gimbaled 
sex tan t s .  F i n a l l y  i n  f i g u r e  16(e) d a t a  obtained from t h e  ind iv idua l  s u b j e c t s  
have been averaged t o  show t h e  v a r i a t i o n  of s tandard  d e v i a t i o n  wi th  inc reas ing  
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yaw r a t e  f o r  performance wi th  t h e  hand-held and gimbaled sex tan t s .  There i s  
apparent ly  no s i g n i f i c a n t  e f f e c t  of type of sextant  nor does performance 
degrade wi th  an increase  i n  yaw rate. 

The information i n  f i g u r e  17 f o r  study cycle 3 i s  similar t o  t h a t  i n  
f i g u r e  16. 
of t h e  hand-held sex tan t  and t h e  s igh t ing  performance does not degrade wi th  
an inc rease  i n  yaw rate.  

Again t h e r e  i s  l i t t l e  t o  recommend t h e  gimbaled sex tan t  i n  f avor  

Data a r e  presented  i n  f i g u r e  18 from study cyc le  4 i n  a fash ion  similar 
t o  t h e  p r e s e n t a t i o n  i n  f i g u r e  17. I n  study cycle 4 t h e  performance of sub jec t  
A i s  e x c e l l e n t  wi th  t h e  gimbaled sex tan t ,  while h i s  performance wi th  t h e  hand- 
he ld  sex tan t  i s  not so good as h i s  performance during study cycle 1. It w a s  
discovered t h a t  subjec t  A, during study cycle 4, had been operating t h e  hand- 
held sex tan t  wi th  t h e  sex tan t  r e s t i n g  on h i s  knee. This pos ture  destroyed t h e  
more n a t u r a l  hand-eye coordination and i s  probably respons ib le  f o r  t h e  poor 
performance l e v e l .  

Figure 19 i s  a summary of t h e  da t a  f r o m t h e  f i rs t  fou r  study cyc les  and 
i n d i c a t e s  t h e  v a r i a t i o n  of t h e  average of a l l  va lues  of standard dev ia t ion  of 
s i g h t i n g  r e p e a t a b i l i t y .  Figure 19 i n d i c a t e s  equal  performance wi th  e i t h e r  
s ex tan t  and no lo s s  i n  performance with an increase  i n  yaw r a t e .  

During cycle 4 t h e  sub jec t s  used a r a t i n g  sca l e  ( f i g .  10) f o r  es t imat ing  
t h e  d i f f i c u l t y  of t h e  t a s k s .  The sca l e  i s  adopted from t h e  Cooper r a t i n g  
s c a l e  f o r  p i l o t  opinion on a i r c r a f t  handling q u a l i t i e s  ( r e f .  4). There a r e  
obvious d i f f i c u l t i e s  i n  us ing  a subjec t  r a t i n g  s c a l e  which w a s  designed f o r  
a q u i t e  d i f f e r e n t  t a s k  environment. However, only t h e  number sca l e  and t h e  
corresponding d e s c r i p t i v e  phrases were used (columns 2 and 4). 
at tempted t o  make t h e  desc r ip t ive  phrases more d e f i n i t i v e  because of t h e  d i f -  
f e r e n t  experience of t h e  sub jec t s  p r i o r  t o  t h i s  i n v e s t i g a t i o n .  The r e s u l t s  
a r e  given i n  f i g u r e  20. Higher r a t i n g s  a r e  ind ica t ed  by lower number ass ign-  
ments. There w a s  a s l i g h t  preference ind ica ted  f o r  t h e  gimbaled sex tan t ,  as 
w e l l  as a s l i g h t  i nc rease  i n  estimated t a s k  d i f f i c u l t y  wi th  inc reas ing  yaw 
r a t e .  

It w a s  not 

I n  study cyc les  5 and 6 s igh t ing  scores were obtained wi th  real  stars 
as t a r g e t s .  I n  f i g u r e  2 1 t h e  v a r i a t i o n  of t he  standard devia t ion  obtained 
wi th  real stars during t h r e e  d i f f e r e n t  s igh t ing  sess ions  i s  given. The v a r i -  
a t i o n  of t h e  mean value of standard deviation i s  shown i n  f i g u r e  21 f o r  va lues  
obtained wi th  t h e  hand-held and gimbaled sextant .  
va lues  of s tandard  dev ia t ion  obtained s t a t i c a l l y  wi th  simulated stars are a l s o  
shown i n  t h i s  f i g u r e .  Apparently with s u f f i c i e n t  experience, s igh t ing  repea t -  
a b i l i t y  obtained wi th  r e a l  stars would compare favorably  wi th  scores  obtained 
us ing  s imuiaied stars. 
information obtained wi th  simulated stars. 

For comparison t h e  mean 

ThIs c c q a r i a o n  argues f o r  t h e  v a l i d i t y  of r e sea rch  

The t a r g e t s  were a l l  f a m i l i a r  navigation stars ranging i n  magnitude from 
-1.6 t o  +1.7 and t h e  measured angles were approximately from 5' t o  30° 
o r i e n t e d  i n  a v e r t i c a l  p lane .  The time spent i n  an ind iv idua l  measurement 
t a s k  w a s  s i m i l a r  f o r  bo th  simulated and r e a l  stars. One p a r t i c u l a r  opera- 
t i o n a l  problem noted by a l l  t h e  p a r t i c i p a n t s  i n  t h i s  exe rc i se  w a s  t h e  
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uncomfortable and f a t i g u i n g  pos ture  which t h e  opera tor  of t h e  hand-held 
sextant must assume and maintain when s igh t ing  a t  two stars both  of which 
are a t  a high angle  above t h e  horizon.  For t h i s  reason t h e  r e s u l t s  shown i n  
f i g u r e  21may not  r e f l e c t  t h e  t r u e  p o t e n t i a l  of t h i s  type  of instrument .  

During study cyc les  5 and 6, t h e  sub jec t s  wore a p res su re - su i t  helmet and 
used the Plath-Micrometer sex tan t  ( f i g .  8 )  with varying powers of te lescope  
magnif icat ion.  Figure 22 g ives  t h e  v a r i a t i o n  of t h e  s tandard devia t ion  of 
t h e s e  s igh t ings  wi th  te lescope  magnif icat ion.  
devia t ion  decreased from approximately 0.38 with a 2.5 power te lescope  t o  0.26 
wi th  a 6.0 power te lescope  (a decrease of 30%). 
obtained while t h e  subjec t  w a s  s igh t ing  through t h e  v i s o r  of t h e  p r e s s u r e - s u i t  
helmet ( f i g .  9 )  and a l s o  wi th  t h e  v i s o r  i n  an  open p o s i t i o n .  
t h a t  with f u r t h e r  t r a i n i n g  under t h e  t e s t  condi t ions ,  t h e  v a r i a b i l i t y  i n  per -  
formance da ta  of f i g u r e  21 would be  considerably decreased. 

The mean value of s tandard 

The da ta  i n  t h i s  f i g u r e  were 

It i s  expected 

In  study cyc les  5 and 6 t h e  sub jec t s  wore t h e  p r e s s u r e - s u i t  helmet and 
s ighted  both  through t h e  v i so r  as shown i n  f i g u r e  9 and wi th  t h e  v i so r  r o t a t e d  
c l e a r  of  t h e  f a c i a l  opening i n  t h e  helmet. 
devia t ion  of s igh t ing  r e p e a t a b i l i t y  and of mean measured angles  due t o  use of 
t h e  v i so r  were obtained and are def ined as fo l lows:  

Incremental  values  of s tandard 

Increment of mean measured angle  = measured angle  wi th  v i so r  down 

- measured angle  with v i so r  up 

and 

Increment of standard devia t ion  = standard dev ia t ion  wi th  v i so r  down 

- standard devia t ion  w i t h  v i so r  up 

For these  da t a  t h e  mean measured angle  i s  t h e  mean value of 12  measurements. 
Each increment i s  a r e s u l t  of two va lues  both  of which were obtained by  t h e  
same indiv idua l  during a s i n g l e  study cyc le .  Figure 23 g ives  t h e  v a r i a t i o n  
of these  incremental  values  wi th  t h e  t h r e e  powers of magnif icat ion used wi th  
t h e  Plath-Micrometer s ex tan t .  The v i so r  appeared t o  a f f e c t  bo th  t h e  measured 
angle  and t h e  s tandard dev ia t ion  i n  a s i m i l a r  manner. The incremental  va lues  
of measured angle  and s tandard devia t ion  reached a maximum wi th  a te lescope  
power of 4.0 and w a s  near zero wi th  te lescope  powers of 2.5 and 6.0. 

During t h i s  exerc ise  the  te lescope  eyepiece w a s  equipped wi th  a foam 
rubber r i n g  t o  cushion it a g a i n s t  t h e  p l a s t i c  v i s o r  and t o  prevent  s l i pp ing .  
When t h e  v i s o r  i s  used with t h e  sex tan t ,  t h e  t e l e scope  eyepiece cannot contac t  
t h e  eyesocket a r e a  b u t  must be  he ld  away from t h e  f a c e .  
f a t i g u e  and reduces hand-eye coord ina t ion ,  thereby  inc reas ing  t h e  d i f f i c u l t y  
i n  aiming t h e  te lescope .  
increas ing  t h e  d i f f i c u l t y  of f ie ld-of -v iew o r i e n t a t i o n  and t a r g e t  i d e n t i f i c a -  
t i o n .  Increasing t h e  te lescope  magnifying power gene ra l ly  reduces t h e  f i e l d  
of view and increases  t h e  v e l o c i t y  ac ross  t h e  f i e l d  of view a t  which o b j e c t s  
move due t o  spurious movements of t h e  t e l e scope .  

This  i nc reases  

The t e l e scope  f i e l d  of view i s  a l s o  reduced, 



Subject opinion r a t i n g s  are presented i n  f i g u r e  24 f o r  s igh t ings  made 
wi th  t h e  t h r e e  Plath-Micrometer te lescopes  and wi th  and without t he  p re s su re  
helmet v i so r  i n  p lace .  Subject  opinion ind ica t e s  a gene ra l  d e s i r a b i l i t y  f o r  
increased  t e l e scope  magnif icat ion.  
c u l t  through t h e  v i so r  b u t  even wi th  t h e  v isor  t h e  t a s k  w a s  r a t e d  less  d i f f i -  
c u l t  when t h e  te lescope  power w a s  4.0 in s t ead  of 2.5; however, t h i s  opinion 
reversed i tself  when t h e  te lescope  power w a s  increased from 4.0 t o  6.0. Evi- 
den t ly  wi th  t h e  6.0 power te lescope ,  t h e  f i e l d  of view w a s  s u f f i c i e n t l y  l i m -  
i t e d  t h a t  t h e  sub jec t s  gene ra l ly  could not u t i l i z e  t h e  instrument e f f e c t i v e l y .  

The s ight ing  t a s k  w a s  r a t e d  as more d i f f i -  

I n  add i t ion  t o  t h e  opinion r a t i n g  sca l e  of s tudy cyc le  4, sub jec t ive  
comments were obtained from each of t h e  t es t  p a r t i c i p a n t s  a t  t h e  conclusion 
of each study cyc le .  
t i o n  of t h e  sub jec t s  by increas ing  t h e i r  p a r t i c i p a t i o n  i n  t h e  experiment and 
t o  o f f e r  cons t ruc t ive  c r i t i c i s m  of the. tes t  and t h e  s imulat ion.  Many c r i t i -  
cisms t h a t  occurred c o n s i s t e n t l y  a t  t h e  beginning of t r a i n i n g  decreased o r  
vanished wi th  experience and t r a i n i n g .  Body f a t i g u e  w a s  a f a c t o r  o f t e n  men- 
t i oned  as a f f e c t i n g  t h e  s igh t ing  performance, p a r t i c u l a r l y  during t h e  t r a i n i n g  
phase of t h e  tes t ;  however, as t h e  sub jec t s  gained confidence and f a m i l i a r i t y  
wi th  t h e  t a s k ,  t hese  c r i t i c i s m s  decreased. Some sub jec t s  f e l t  t h a t  a r m  rests 
t o  c a r r y  t h e  weight of t h e  arms and t h e  sextant  while  s igh t ing  wi th  t h e  hand- 
he ld  sex tan t  would be  advantageous; however, it could gene ra l ly  be demon- 
s t r a t e d  that a r m  res ts  compromised hand-eye coordinat ion and r e s u l t e d  i n  
reduced s igh t ing  performance. 

The purpose of t hese  comments w a s  t o  improve t h e  motiva- 

Severa l  p r a c t i c a l  suggestions concerned t h e  i n t e r i o r  l i g h t i n g  of t h e  cab 
t o  reduce g l a r e  and spurious images wi th in  the sex tan t .  There were a l s o  prac-  
t i c a l  suggest ions i n  t h e  formulat ion of a standardized s igh t ing  and readout  
technique.  
b e r  of s i t u a t i o n s  and ind iv idua l s  could be  more d i r e c t l y  compared. 

Standardized procedures were required so t h a t  r e s u l t s  from a num- 

It w a s  noted t h a t  experienced sub jec t s  p re fe r r ed  t o  have t h e  cab i n t e r i o r  
l i g h t i n g  a t  such a l e v e l  t h a t  they could conveniently operate  t h e  sex tan t s  
wi th  bo th  eyes open. This  preference i s  usual  i n  a number of s igh t ing  t a s k s ,  
such as aiming a r i f l e ,  and reduces eye s t r a i n  as w e l l  as p o s s i b l e  p u p i l  d i s -  
t o r t i o n  caused when t h e  muscles are contracted t o  squ in t  or  c lose  t h e  unused 
eye.  

COZLUSIONS 

The c h a r a c t e r i s t i c s  of a manual sextant  s igh t ing  t a s k  have been i n v e s t i -  
ga ted  i n  t h e  Ames Midcourse Guidance and Navigation Simulator.  The s tudy of 
t h e  s igh t ing  t a s k  wi th  t h e  hand-held sextant  and a gimbaled sex tan t  under 
s t a t i c  and dynamic ccjiiditlor;s  as t h e  primary purpose of t h i s  i nves t iga t ion ;  
however, t h e  effect  upon performance when s ight ing  real  stars, t h e  sex tan t  
t e l e scope  magnifying power, and e f f e c t s  of s igh t ing  through t h e  c l e a r  v i so r  
of a p r e s s u r e - s u i t  helmet were a l s o  b r i e f l y  inves t iga t ed .  
t i o n  of t h e  da t a ,  t h e  following conclusions are presented :  

From a considera-  
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1. Within t h e  l i m i t a t i o n s  of t h e  cab motions repor ted  (yawing o s c i l l a -  
t i o n s  with amplitudes of k2O and maximum rates up t o  1-1/2'/sec), t h e  s igh t ing  
performance w a s  l i t t l e  a f f e c t e d  by o s c i l l a t o r y  motion of t h e  cab. 

2. While according t o  t h e  subjec t  opinion r a t i n g  s c a l e  t h e  gimbaled 
sextant w a s  s l i g h t l y  favored over t h e  hand-held sex tan t ,  t h e  hand-held sex tan t  
provided nominally as accura te  s igh t ing  da ta  as t h e  gimbaled sex tan t  with less 
assoc ia ted  mechanical complexity and weight.  

3. 
decreased t h e  s tandard dev ia t ion  of s igh t ing  repeatab i l i t y  approximately 
30 percent .  

Increasing t h e  sex tan t  te lescope  magnifying power from 2.5 t o  6.0 

4. Sight ing through t h e  v i so r  of a p res su re - su i t  helmet i nc reases  t h e  
d i f f i c u l t y  of t h e  s igh t ing  t a s k  and decreases  t h e  accuracy. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett F i e ld ,  C a l i f  ., March 1, 1965 
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